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Development of Small and Large Intestine

ABSTRACT

Epithelial components of the organs of the digestive system are derived from endoderm whereas connective tissue and muscle compo-
nents are derived from mesoderm. At the 3-4" of development, as a result of cephalocaudal and lateral foldings of the embryo, a portion
of the endoderm-lined yolc sac cavity is incorporated in the embryo to from the primitive gut. Primitive gut is composed of four main
regions which are pharyngeal gut, foregut, midgut, and hindgut; respectively. Intestines are derived from foregut, midgut and hindgut.
The development of the intestines is characterised by lengthening, widening, thickening, histological and positional changes. In this
manuscript we tried to review the morphological and functional development of the small and large intestines with the aid of pictures
obtained from various stages of prenatal and postnatal development the intestines of rats. Previous reviews lack of information on both
histological and functional development of the small and large intestines.
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Bowel Histology

The intestinal wall consists of the mucosa, submucosa, muscularis (muscularis externa), and adventitia layers. The mucosa
consists of epithelium, lamina propria, and muscularis mucosa. The epithelium of intestinal mucosa of both small and
large intestines is simple columnar in type. The epithelium contains tall columnar absorptive cells and musuc sectering
goblet cells. In the small intestines, the mucosa and the submucosa are folded to form the villi. The lamina propria as a
loose connective tissue is largely occupied by tubular intestinal glands. Glands of the small intestines contain paneth cells,
enteroendocrine cells, M cells, and stem cells in addition to enterocytes and goblet cells

Glands of the large intestines of healthy individuals do not contain paneth cells. The muscularis mucosa, which is the last
layer of the mucosa, is composed of two smooth muscle layers that are circular interiorly and longitudinal exteriorly. The
submucosal nerve plexus (Meissner nerve plexus) is found in the medium-density connective tissue of the submucosa. In
the duodenum, there are seromucous glands known as Brunner glands in this layer. The tunica muscularis is composed
of two layers of smooth muscle consisting of an inner circular and outer longitudinal layer in the small intestine. The
myenteric nerve plexus is located between the muscle layers. In large intestines, outer longitudinal coat of the muscularis
is not a complete layer and is present as three longitudinal bands, so it is observed as an incomplete layer in cross sections.
The outermost layer is serosa (1, 2).

The Development of Primitive Intestine

With the growth and letaral and cefalocaudal folding of the embryo in the third to fourth weeks of development, a part of
yolk sac lined by endoderm remains in the embryo body, resulting in the formation of a primitive intestine. The primitive
intestine is composed of four parts: the pharyngeal gut, the foregut, the midgut, and the hindgut. The pharyngeal gut is
separated from the stomodeum by the buccopharyngeal membrane. At the end point of the hindgut, the cloacal mem-
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brane that separates this segment from the surface ectoderm
is located (3-11).

The pharyngeal gut extending between the buccopharyngeal
membrane and the tracheobronchial diverticulum is charac-
terized by the pharyngeal arches, clefts, and pouches. Five
pairs of endoderm-lined pharyngeal pouches give rise to the
middle ear cavity, auditory tube, tympanic membrane (from
the first pair), palatine tonsils (from the second pair), thymus
and lower parathyroid glands (from the third pair), upper
parathyroid glands (from the fourth pair), and parafollicular
cells of the thyroid gland The subsequent foregut extends to
the bottom of the liver bud. The respiratory system, esopha-
gus, stomach, proximal part of the duodenum, liver, pancreas,
and bile duct develop from this part. The subsequent midgut
extends from the bottom of the liver bud to the end point of
the two-thirds of proximal part of the transverse colon. There-
fore, the distal jejunum, ileum, cecum, appendix, ascending
colon, and 2/3 proximal part of the transverse colon develop
from this region. The remaining distal part of the transverse
colon, the descending colon, the sigmoid colon, and the rec-
tum develops from the hindgut that is the last part of the
primitive intestine (3-5, 7, 8).

Further Development of the Intestines

The intestines develop from the foregut, midgut or hindgut
related with their anatomical regions. The duodenum devel-
ops from the distal part of the foregut and from the proximal
part of the midgut. The junction of these two parts is located
just below the liver bud (7). The duodenum grows rapidly,
creating a forward C-shaped curve. During the rotation of the
stomach, the duodenal loop turns rightand enters into the ret-
roperitoneal region (3-9). The midgut extends from from the
opening point of the ductus choledochus into the duodenum,
to the junction of 2/3 proximal and 1/3 distal parts of the
transverse colon (5, 7, 12). The midpoint of the midgut just
coincides with the middle of the ileum. The distal part of the
duodenum and the proximal part of the jejunum and ileum
develop from the cephalic part; the distal part of the ileum,
cecum, appendix, ascending colon, and 2/3 proximal part of
the transverse colon develop from the caudal part (3-10, 12).
The junction of the cranial and caudal loops can be detected
by the presence of vitelline duct remnants called “Meckel’s
diverticulum” or “ileal diverticulum” (7, 8).

The subsequent development of the primary intestinal loops
is characterized by rapid lengthening, especially in the ce-
phalic limb. The volume of the expanded gut tract and of
liver and kidneys is greater than the body cavity can accom-
modate. Consequently, the developing intestines are herni-
ated into the extra-embryonic coelom cavity (umbrical cord)
at 6 weeks of gestation. This is called “physiological umbilical
herniation” (3, 7-9). The herniated intestinal loops begin to
move through the abdominal cavity at about 9" week. It is
suggested that regression of mesonephros, deceleration in the
growth rate of the liver, and the enlargement of the abdomi-

nal cavity might be the triggering factors of the the intestinal
return (3-9). This phenomenon is defined as the “contraction
of the herniation of the midgut.” The proximal part of the
jejunum returns first and locates in the central part of the the
abdominal cavity. The other intestinal loops returning within
a short time are positioned to the right side of the previously
located loops (5, 7, 9). The cecal bulge, which appears as a
conical enlargement from the caudal part of the primitive in-
testinal loop when the embryo is 12 mm, is the last intestinal
segment returning to the abdominal cavity (7, 9). The cecum
then descends to the right iliac fossa by forming the ascending
colon and hepatic flexure. In the meantime, a narrow diver-
ticulum called the “primitive appendix” appears at the distal

end of the cecal bulge (3, 5, 7, 8).

As the primitive intestinal loop elongates, it rotates around
the axis of the superior mesenteric artery. The rotation reach-
es to counterclockwise 270 degrees when it is completed as
viewed from in front. The midgut rotation continues during
the herniation period (the first 90 degrees) and during the re-
traction of the midgut to the abdominal cavity (the remaining
180 degrees) (3-8, 12).

The distal 1/3 of the transverse colon, the descending colon,
the sigmoid, the rectum, and the upper part of the anal canal
develop from the hindgut. The bladder epithelium and a large
part of the urethra arise from the hindgut (3-9). The cloaca
is divided into two parts by a mesenchymal septum called
the urorectal septum. The septum separates the cloaca into
two parts as the cranial compartments of the rectum and anal
canal, and the urogenital sinus (3-7). At the seventh week,
the urorectal septum separates the cloaca membrane into the
dorsal anal membrane and the ventral urogenital membrane.
The anal membrane ruptures at the end of the eighth week
and allows the distal part of the anal canal to be connected
with the amniotic space (3-6).

In mammals, the epithelium of the digestive system develops
from the embryonic endoderm whereas the muscles, hema-
topoietic elements, and connective tissue develop from the
mesoderm. The interaction between the epithelium and the
mesenchyme plays a crucial role in the development of the
intestines (13). It has been demonstrated that the endoderm
of the primitive foregut does not further differentiate in the
cultures devoid of mesodermal tissues (14). The intestinal ca-
nal begins to acquire its characteristic fetures as the mesoderm
grows, thickens and differentiates into smooth muscles (15).
The development of intestines requires the growth, rotation
and translocation of primitive intestinal loops, and acquire
its charcteristic histological features (7, 10). Rapid cellular
proliferation in the endoderm and mesenchyme provides pro-
longation of the intestinal tract, formation of the lumen, and
formation of the crypt-villus axis (13).

Villi, epithelium, and glands: Villi develop at the duodenum
at first as a result of the proliferation of mesenchymal tissue
beneath the epithelium (9). Villi appear at the ninth week as
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Figure 1. a-f. The intestinal changes of a rat in the prena-
tal period are shown. (3) On L.U. day 7, it is observed that
the wall of the intestine consists of stratified columnar
epithelium (E) and mesenchymal connective tissue (M),
that the intestine is externally lined with single-layered
squamous epithelium (arrows), and the epithelium and
connective tissue include many mitosis figures (two-
headed arrows). Large and small intestines cannot be
differentiated in this period. H-E; X 40. (b) On I.U. day
10, it is viewed that intestinal lumen is narrowed by
stratified columnar epithelium (E), which is occasionally
very thick, and a circular muscle layer appears in the me-
senchymal connective tissue (M) extending under the
epithelium. Note that there are vacuoles (v) within the
epithelium, frequent mitosis figures (white arrows), and
a single-layered epithelium that externally surrounds
the intestinal wall (black, two-head arrows). Large and
small intestines cannot be differentiated in this peri-
od. H-E; X 40. (c) On LU. day 14, it is still observed that
stratified columnar epithelium (E) partially obstructs
the lumen. In this period, muscle tissue (M) in the me-
senchymal connective tissue (M) is thickened. Mitosis
figures in the epithelium (white two-head arrows) and
a squamous epithelium lining the intestinal wall exter-
nally (black arrows) are marked. Large and small intes-
tines still cannot be differentiated in this period. H-E;
X 40. (d, e) On I.U. day 17, some of intestinal loops are
observed out of the abdominal wall. In rats, physiologi-
cal intestinal herniation occurs in a later period, immi-
nent to delivery, compared with human beings. In this
period, it is still viewed that thick, stratified columnar
epithelium partially obstructs the lumen and the vacu-
oles (V) locally open the lumen. Mitosis figures, which
are frequently seen in the epithelium, are marked with
arrows. H-E; X 10, H-E; X 40. (f) On I.U. day 20, it is seen
that the epithelium (E) gains single-layered columnar
characteristic, and goblet cells (g) appear in the epithe-
lium and the epithelium and underlaying lamina propria
form the villi (V). Condensation of cells in the base of the
villus (arrows) indicates the beginning of the formation
of the glands. In this period, villi are seen in both large
and small intestine. H-E; X 100.

Figure 1. g-j. The changes in the duodenum in the post-
natal period are viewed. (g) On the postnatal fifth day,
epithelium (E), lamina propria (Lp), tunica muscularis
(Tm), and serosa (Sr) layers are seen. The glands can be
recognized although they are short (g) and muscularis
mucosa can be recognized, althoughiitis not clear. There
are Meissner nerve plexus (arrow) in the submucosa la-
yer, myenteric plexus (My) between muscle layers, and
frequent mitosis figures in the epithelium (two-head
arrows). On the postnatal 10th day, epithelium (E) inclu-
ding PAS+ stained goblet cells (g) and displaying striated
border, lamina propria (Lp), tunica muscularis (Tm) and
serosa layers are seen. The glands (g) seem to be lon-
ger and Meissner nerve plexus (black two-head arrows)
seem to be widespread. Mitosis figures in the epitheli-
um are marked (white arrows). PAS; X 40. (I) On the post-
natal 15th day, intestinal glands (b), muscularis mucosa
(Mm), Brunner glands (br) specific to the submucosa of
the duodenum, two-layered, thickened tunica muscula-
ris (Tm), and extensive myenteric plexus between musc-
le layers (arrows) are observed. Masson’s trichrome
staining method; X 40. (j) The longer villi consisting of
lamina propria (Lp) and epithelium (E) including goblet
cells are observed in young adult. H-E; X 40.

a result of the infiltration of the mesenchymal tissue beneath
the multi-layered surface epithelium. . During this episode, the
surface epithelium transformes into one-layer columnar epithe-
lium (16-18). Primitive glands appear in the small intestines
at L.U. weeks 9-12 in human beings (19). Brunner glands de-
velop from the bottom of these crypts in the duodenum. In
the large intestines, crypts and villi occur at the same time. The
part between the two large intestinal villi matchs to the crypts
of Lieberkiihn. The villi that also appear in the large intestine
during the development disappear as the villus tips thicken (9).
The villi of the colon are wide and flat (20). The lower parts of
the villi and the area between to adjacent villi become perma-
nent crypts (9). The small and large intestines cannot be dis-
tinguished from each other at I.U. week 7.5 in human beings
(21). Intestinal development also continues after birth. The
length of the villus in human beings increases after birth and
reaches adult size at the fourth week (22).

The intestinal epithelium has an appearance of a stratified or
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Figure 1. k-n. The changes in the ileum in the postna-
tal period. (k) On the postnatal fifth day, Peyer plaqu-
es (Pp) are observed. On the postnatal 10th day, Pa-
neth cells (arrow) with acidophil cytoplasm are seen
in the glandular epithelium. H-E; X 100. (m) On the
postnatal 15th day, it is viewed that villi (V) consis-
ting of epithelium (E) and lamina propria (Lp) are ex-
tended, the glands (g) in the lamina propria are more
apparent, histological features of muscularis mucosa
(Mm), submucosa (S), tunica muscularis (Tm), and se-
rosa (Sr) layers begins to be similar to those of the
adults. Masson's trichrome staining method; X 20. (n)
Lymphoid tissue is denser at the bottom of the lamina
propria in young adult. H-E; X 40.

a pseudo-stratified epithelium for some time during the de-
velopment. The intestinal lumen is completely or partially oc-
cluded as a result of the excess proliferation of epithelial cells
due to frequent mitosis about I.U. week 5. Then, the lumen is
recanalized by the fusion of the vacuoles that emerge in I.U.
week 6-7. However, Grand et al. (23) observed intraepithelial
vacuoles within the 10" week of gestation in human beings
(7, 10). It has been suggested that the vacuoles begin to appear
in the lower parts of the epithelium next to the basal mem-
brane and fuse to reform a central lumen. Initial formation of
a vacuole is thought to be associated with epithelial apoptosis
(12). Villi and glands appear during recanalization. In this
period, stratified epithelium differentiates into a single-layer
columnar epithelium. At the end of I.U. 6* month, all of the
cell types of the glands can be seen (7, 10). However, different
results have been reported about the periods of appearance
of glandular cells. Morikawa et al. (24) have observed duo-
denal glands containing PAS positive material after birth and
reported that following nursing the glandular cells actively
secrete. It has been reported that there is an increase in the
duodenal glands until the end of the postnatal second month
and that the cells are filled with secretory material (25).

Goblet cells: Goblet cells begin to appear after L.U. week 8 (19).
These cells have been shown to increase in number 19-fold begin-
ning from the birth to the 24™ day. This result suggests that nursing
may have an inducing effect on the number of goblet cells (26).
Paneth cells begin to appear in I.U. weeks 11-12 (19, 27).

Figure 1. o-s. The changes in the colon in the post-
natal period are observed. (o) On the postnatal
fifth day, stratified columnar epithelium (E), lamina
propria (Lp), muscularis mucosa, submusoca (S), tu-
nica muscularis (Tm), and serosa layers are obvious.
Note that mucus on the surface (two-head arrows)
and mucus in the cytoplasms of goblet in the surface
epithelium and in the gland (g) epithelium are stai-
ned with PAS+ (single-head arrows). PAS; X 40. (p) On
the postnatal 10th day, all layers are thickened. The-
re are myenteric plexus between the muscle layers
of tunica muscularis (black arrows) and frequent mi-
tosis figures in the gland epithelium (white arrows).
Masson's trichrome staining method; X 40. (r) On the
postnatal 15th day, it is seen that glands (g) are ex-
tended, muscularis mucosa (Mm), submucosa (S), and
tunica muscularis (Tm) are thickened, and myenteric
plexus (My) in muscle layers is more widespread.
Masson's trichrome staining method; X 40. (s) Long
intestinal glands are viewed in the thickened lamina
propria in young adult. It draws attention that the
epithelium is single-layered columnar and there are
many goblet cells in the surface and gland epitheli-
um in this period. PAS; X 40.

Enteroendocrine cells: Enteroendocrine cells appear in the
L.U. 9-11* weeks (19). Numerous endocrine cells are seen in
the duodenum and rectum in I.U. 7-12% weeks and in the
ileum and colon in the I.U. 24-25" weeks (28).

Muscularis mucosa: The muscularis mucosa develops at the
end of the fourth month (8, 9).

Muscularis externa: As of the second month, the circular
muscles of the intestines appear first in the duodenum and
then, in the small intestines, in the large intestines and rec-
tum, respectively. Longitudinal muscles are formed in L.U.
10-12"* weeks (8, 9). The electron microscopic features of the
small intestine muscles in an 18-week-old fetus were found
the same as those of adult muscles (29). Peristaltism in the
small intestines begins as of I.U. week 12 (30). The migration
of neuroblasts that will form the myenteric plexus begins in
small intestines at I.U. 5% week and extends to the rectum at
the 12% week (31). At the 18" week, neuroblasts and mature
ganglion cells are seen in the myenteric plexus (32).
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Functional maturation of the digestive system in human be-
ings begins at a quite early stage in the first period of gestation
but progresses rather slowly (33). Actually, the entire mor-
phological and functional organization of the crypt-villus axis
(including its digestive capacity) bears close resemblance to
the newborn and adult mucosa at I.U. 18-20% weeks (16-18).
The system of a newborn is capable of digesting carbohydrates
and proteins in addition to the nutrients obtained from milk
(33). It has been reported that the colon is structurally and
functionally similar to the small intestine during the newborn
period and that the mucosa is flattened and stops secreting
digesting enzymes a few days following birth (34-36). Figure
1 summarizes the change in the intestines during the prenatal
and postnatal development in a rat.
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